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Aortic necks of ruptured abdominal aneurysms
dilate more than asymptomatic aneurysms after
endovascular repair
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Loan, FRCR, Bernard Lee, FRCS, Chee V. Soong, MD, FRCS, Belfast, United Kingdom
Background: Endovascular repair of abdominal aortic aneurysm (AAA) is increasingly used. We evaluated if a difference
exists in the rate of change of the aortic neck diameter between non-ruptured and ruptured AAAs after endovascular
aneurysm repair (EVAR).
Methods: Details of patients undergoing elective (group I) and emergency (group II) EVAR using Talent stents between
October 1999 and September 2005 were reviewed. Top neck diameters were prospectively recorded on the hospital
database from computed tomography scans preoperatively and at 1, 3, 12, and 24 months postoperatively. The aortic
neck diameter rate of change was calculated for each group.
Results: Endovascular repair was performed on 110 elective and 41 emergency patients, of which 100 (80 male) elective
and 29 (26 male) emergency patients were included in this analysis. Mean age was similar in each group. Stents were
oversized by 20.9%  13.6% in group I and by 24.7%  16.3% in group II (P  .37). The preoperative mean proximal
aortic neck was larger in group II (25.0 3.3 mm vs 23.5 2.8 mm; P .029). The growth rate of the top neck diameter
was significantly greater at 12 months (1.48  2.4 mm/year vs 3.89  6.24 mm/year; P  .04) and 24 months (.99 
1.1 mm/year vs 2.61  3.3 mm/year; P  .04) in group II than in group I. A decreasing sac size was found in 68.2% of
patients whose neck dilated. The complication rate was similar in each group.
Conclusion: Aneurysm necks in patients with ruptured aneurysms are larger and dilate at a greater rate than those with
nonruptured aneurysms. The accelerated rate of expansion in some patients must be borne in mind during follow-up and
in secondary endovascular interventions and conversion to open surgery. (J Vasc Surg 2006;44:244-9.)Many patients with an abdominal aortic aneurysm
(AAA) remain asymptomatic until they present with rup-
ture. Rupture is more likely if the aneurysm enlarges rap-
idly.1 Endovascular AAA repair (EVAR) is increasingly
being offered as a treatment option to both elective and
emergency patients with AAA in an effort to decrease the
perioperative mortality and improve outcome.2,3
A few studies have demonstrated that the aortic neck
undergoes dilatation after open surgery.3-6 The reason is
unknown but may reflect ongoing degenerative changes in
the aortic wall. The routine follow-up of patients after
EVAR by computed tomography (CT) scans has given the
opportunity to study this phenomenon more closely. A
better understanding of aortic neck dilatation is important,
because proximal graft attachment and freedom from prox-
imal perigraft endoleak will be compromised by continued
expansion of the aortic neck.
The aim of this study was to evaluate if a difference
exists in the baseline and rate of change of the aortic neck
diameter between nonruptured and ruptured AAAs after
EVAR.
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244METHODS
The first EVAR with a Talent (Medtronic, Watford,
UK) stent-graft in our unit was performed in October
1999. All patients who subsequently underwent surgery
with a Talent were followed up according to the criteria
outlined by the national UK EVAR trials.2 The details of
preoperative and postoperative CT scans were prospectively
collected in a hospital database. Although 30 Zenith stent-
grafts (William Cook Europe, Bjaeverskov, Denmark) were
used electively, only the results of elective and emergency
EVARs using the Talent system, from October 1999 until
September 2005, were reviewed in this study to avoid
introducing a significant confounding factor.
All patients had a preoperative CT scan to assess suit-
ability for endovascular surgery, with the same criteria used
to select patients suitable for elective and emergency
EVAR. A consultant radiologist and a consultant vascular
surgeon, who were both proficient at endovascular repair,
performed all the repairs jointly. Bifurcated stent-grafts
were used for elective EVARs, and aortouniiliac stent-grafts
were deployed in the emergency setting. The uncovered
proximal struts were placed suprarenally, but the covered
portion was positioned immediately below the renal arter-
ies.
Although a 20% oversize was normally used to select
the size of the stent-graft, this may have been slightly
greater in the emergency patients due to the limited stock
of aortouniiliac devices. In this case, the next size up was
used. The size of each stent-graft used was noted on the
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were performed at 1, 3 and 12 months post-operatively
with annual scans thereafter.
Two CT scanners were used during the study period, a
single-slice helical (Philips Tomascan AV, Philips Medical
Systems, Eindhoven, The Netherlands) and a four-slice
machine (PhilipsMX8000), with standard slices of 1.6mm.
Measurements were made initially using an Easy Vision
workstation (Philips) and subsequently on a Brilliance
workstation (Philips). The images were optimally win-
dowed to minimize artefact from the stent-graft metal
components while maintaining vessel wall visibility. Mea-
surements were made using callipers available in the work-
station software and performed together at weekly meet-
ings by one consultant vascular surgeon and one consultant
radiologist who were blinded to the preceding measure-
ments relating to the patient.
Morphologic measurements made were the suprarenal
diameter, proximal and distal neck diameter, sac and com-
mon iliac diameters, and also the highest position of the
bare stent-graft in relation to the lower renal artery. The
suprarenal diameter was taken to be immediately above the
highest renal artery, and the proximal neck diameter was
taken at the level immediately below the lowest renal artery.
The distal neck was defined preoperatively as the lowest
image with aortic walls being nearly parallel, representing
the transition between neck and sac. Postoperatively, the
distal neck was defined as the last scan on which the
stent-graft was still apposed to the vessel wall. Neck length
(measured preoperatively only) was taken as the distance
between the proximal and distal neck levels. All diameters
were measured from adventitia-to-adventitia on axial scans,
taking the shortest diameter to avoid the possible distortion
caused by vessels deviating from the plane of the scan.
A dilatation of 2.5 mm in comparison with the first
month scan, representing an average 10% increase of the
baseline, was considered significant.7 The proportion of
patients who exceeded this was calculated at the first and
second year.
Statistical analysis. Data were collected on Microsoft
Excel (Microsoft Corp, Redmond, Wash) and then ana-
lyzed using SPSS 12 (SPSS Inc, Chicago, Ill). The average
age was expressed as mean SD and gender distribution as
percentages. The linear trend difference between the two
groups at each time point was compared using one-way
analysis of variance (ANOVA) because the data were nor-
mally distributed. The difference in the rate of growth of
the proximal neck diameter between the two groups was
assessed using ANOVA.
A comparison was made for each patient at each post-
operative scan, and an annualized rate of change (mm per
year) was calculated by dividing the difference in diameter
(mm) by the number of intervening months and multiply-
ing by 12. All measurements were then expressed as the
mean  SD for each group. The first postoperative scan at
1 month was considered the baseline to try to negate the
perioperative effect of the stent-graft on the neck. The
Spearman rank correlation coefficient was used to assess therelationship of neck diameter, sac diameter and neck
length, to the rate of growth. The difference between the
sizes of the upper stent-graft and preoperative neck was
expressed as a mean SD percentage of the neck diameter,
and a comparison was made between the groups using
Mann-Whitney U test. P  .05 was considered statistically
significant.
RESULTS
Demographics of elective patients (group 1). Dur-
ing the study period, 110 patients had elective EVAR
procedures. Ten patients were excluded because of incom-
plete available data, as a result of death, or a short follow-up
period. Group I comprised 100 patients (80 men) with a
mean age of 74.7  7.4 years, with no difference between
sexes. All stent-grafts deployed were Talent.
Demographics of emergency patients (group II).
During the study period, 41 patients had an emergency
EVAR for a leaking or ruptured aneurysm. Twelve were
excluded because of death either in the immediate periop-
erative period or within the first few months of follow-up.
Group II comprised 29 patients (26 men). The overall
mean age of 75.7  6.6 years in group II was not signifi-
cantly different to group I (P  .42). Talent stent-grafts
were also used in all of the rupture cases.
Dimension analysis. The number of patients in each
group for which CT results were available decreased over
the follow-up time points because of death and a shorter
follow-up period in more recent operations. The proximal
neck diameter results were normally distributed according
to histogram plotting and Q-Q distribution.
Stent-graft sizes and neck length. The difference
between the proximal stent-graft size and the preoperative
proximal aortic neck diameter in group I was 20.9% 
13.6% and 24.7%  16.3% for group II (P  .37). The
preoperative neck length was not significantly different
between group I at 26.1  13.9 mm and group II at 26.1
 10.7 mm (P  .71). The mean suprarenal diameter was
2.40 0.31 mm in group I and 2.50 0.31 mm in group
II (P  .18).
Proximal neck diameter trend. The preoperative
proximal neck diameter was significantly greater in group II
at 25.0  3.3 mm compared with group I at 23.5  2.8
mm (P .029). The neck was observed to increase in both
groups during the postoperative period (Fig 1).
At 12 months, the net increase in neck diameter in
group I was 1.30  2.16 mm relative to the first postoper-
ative scan, with 32.5% enlarged by 2.5 mm. At 24
months, the mean increase from baseline was 1.78  2.04
mm, with 34.8% enlarged by 2.5 mm. In group II, the
mean increase was 3.08  5.56 mm at 1 year and 30.8%
dilated 2.5 mm. The mean increase at 24 months was
5.00  6.39 mm, with 62.5% enlarged by 2.5 mm. The
difference between the mean changes in the groups at 12
months (P .097) reached significance at 24 months (P
.038).
A decreasing aneurysm sac diameter was found in 68%
of the necks that dilated at 2 years, and the remaining 32%
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aneurysm diameter. Of patients whose aneurysm necks
seemed to shrink slightly, 75% were associated with a
decrease in aneurysm sac size. No correlation was found
between the preoperative proximal neck diameter and an-
eurysm sac size (r2  0.04).
Rate of growth of the proximal neck diameter. In
group I, the rate of growth was greatest at 3 months (2.03
 12.6 mm/year) and decreased with time, from 1.48 
2.4 mm/year at 12 months to 0.99  1.1 mm/year at 24
months. Similarly in group II, the rate was also greatest at 3
months (4.71  12.3 mm/year) and decreased with time
from 3.89  6.24 mm/year at 12 months to 2.61  3.3
mm/year at 24 months. Although the rate of growth
decreased with time within both groups, this did not reach
significance. There was no difference in the rate of growth
between the groups at 3 months compared with 1 month
(P  .47), but thereafter, the rate of growth of the aortic
neck was significantly higher in group II at 12 (P  .04)
and 24 months (P  .04) (Fig 2). No correlation was found
between preoperative neck length and the rate of growth
seen at 12months (r2 0.18) or at 24months (r2 0.19).
Complications. Type 2 endoleaks were the most com-
mon complication noted in both groups, occurring in 17
patients in group I and in four patients in group II. Only
one required reintervention in the form of lumbar emboli-
zation. Two type 1 endoleaks were noted in group II at the
first postoperative scan. One was in the left iliac limb and
did not involve the aneurysm sac. The other was a very small
proximal leak that was successfully treated conservatively
because of a stable sac size and significant comorbidities.
Four type 1 endoleaks were seen in group I in the left iliac
limb, of which three were noted in the first postoperative
scan and the fourth at 1 year. Deployment of extension
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Fig 1. Analysis of variance test of the mean SD of aort
II) endovascular aneurysm repair. P  .029, .108, .0
respectively.stent-grafts was required in three of these patients.Five stent-graft migrations were noted, three in group I
and two in group II, and all required extension grafts. In
group I, the aortic neck changed by 0%, 8% and 44% in
these three patients. In the two group II patients, however,
an increase of 25% and 69% was found in the proximal neck
diameter. The dilatation of the proximal neck diameter
exceeded the original stent-graft size in one patient in
group II. He had a graft extension, but the aortic neck
continued to dilate and further interventions were pre-
cluded by medical comorbidities. This phenomenon was
not encountered in group I.
DISCUSSION
The success of endovascular repair of an AAA depends
on the complete exclusion of the aneurysm sac from the
circulation by the seal provided by the stent-graft. If the
proximal seal between the stent-graft and aortic wall is
breached for any reason, a proximal perigraft endoleak will
occur and the aneurysm sac may enlarge and rupture.
Stability of the neck of the aneurysm is therefore crucial in
maintaining freedom from endoleaks and other stent-graft
related complications. Unfortunately, gradual dilatation of
the aneurysm neck has been reported as a natural conse-
quence of aging8-10 and has been observed after open
conventional repair.3-6
The effectiveness of endovascular repair in a ruptured
AAAs remains uncertain, despite a few specialist centers
having reported significantly better results compared with
the conventional open repair. Most case series demonstrat-
ing a good outcome have used endovascular repair to treat
stable, contained ruptured AAAs, with benefits in the un-
stable patients remaining ambiguous. Although the imme-
diate aim of endovascular repair in patients with ruptured
AAA may be to save lives rather than aneurysm resolution
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patients than in the elective cases.
The definition of the proximal aortic diameter has been
contentious. Badran et al11 used 7.5 mm below the lowest
renal artery, whereas others have suggested the mid-
infrarenal aortic diameter.12 The largest point within 10
mm of the infrarenal segment was used in Ohio, whereas
the presence of the proximal attachment system was the
reference point for definition in other studies, which could
be influenced by migration.7,13,14 May et al15 used 10 mm
below the lowest renal artery, but Illig et al7 used the same
definition as the present study. This latter description re-
sults in a consistent measurement throughout the follow-
up period, withminimal influence of results from a tortuous
neck. Three levels, namely, immediately below the lowest
renal artery, the halfway point of the neck, and just above
the aneurysm, were monitored in another institution.16
The same pattern of change was demonstrated at the three
levels in patients with a Talent stent-graft.
The observation of postoperative aortic neck dilatation
in other studies is inconsistent and its cause remains con-
troversial. Many researchers have reported an increase in
aortic neck size after conventional and EVAR,1,14,17,18 but
others have found no significant changes in neck dimen-
sions.15,19 Badran et al11 found significant correlation be-
tween neck dilatation and the amount of baseline oversiz-
ing. This is supported by results of Connors et al,20 where
the late aortic neck dilatation correlated with stent-graft
oversizing. This early enlargement may be attributed to the
deliberate oversizing of the graft and has been argued to be
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Fig 2. Analysis of variance test of top aortic neck rate of g
II) endovascular aneurysm repair. P  .47 at 3 months,self-limiting.21The radial force generated by the stent-graft is sug-
gested to be a likely contributory factor in causing this
initial dilatation. Consequently, it has been suggested that
the rate of growth should be calculated based on measure-
ments of the first postoperative scan instead of that taken
preoperatively. Nevertheless, this correlation was not con-
firmed later at the same unit, and several other centers
report no association.22-24 In a comparison between
balloon-expandable stent-grafts and Talent grafts, Singh-
Ranger and Adiseshiah16 found that the former group had
aortic neck dilatation mainly in the first 5 postoperative
days, whereas the dilatation continued for up to 6 months
with the Talent graft.16
Inherent wall weakness is speculated to be the cause of
the higher rate of growth in group II after 12months in this
series. It is plausible that despite the lack of correlation, the
stent-graft oversizing influences aortic neck dilatation be-
cause of the radial force generated. In this series, the degree
of oversizing was only slightly greater in the patients in the
rupture group compared with the elective group. This
insignificantly greater oversizing was because of the limited
stock of emergency devices. The next size up is used if the
stent-graft with proximal diameter that is 20% larger than
the aneurysm neck is unavailable.
The anatomy of a ruptured AAA is usually more ad-
verse. Hinchliffe et al25 showed that the larger sac diameter
tends to cause distortion of the neck that is often larger,
more angulated, and conical than the smaller nonruptured
AAA. Our results concur with their findings, which dem-
onstrated that the preoperative aneurysm neck diameter is
owth
24
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Group II
h (mean SD) in elective (group I) vs emergency (group
.04 at 12 months, P  .04 at 24 months).f gr
 (m
rowtsignificantly more adverse in emergency patients compared
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dilatation occurred at a much greater rate in the emergency
group than in the elective group. This finding has vital
implications in the stent-graft management of ruptured
AAAs. Firstly, the stent-graft may need to be oversized by a
greater percentage than normally used for elective aneu-
rysm repair. Secondly, the greater rate of neck enlargement
has repercussions on the long-term follow-up regimen, and
the patients may need to be scanned more regularly.
It has been observed from follow-up natural history
studies of AAAs that there is great variability in individual
expansion rates of aneurysms, with a mean rate of 2.6 to 7.4
mm/year.15,19,21 No change with time is seen in 24% to
38% of aneurysms.21,26 The specific cause of the variability
in expansion rates is not known, but aneurysms that expand
rapidly are thought to have greater risks of rupture.
There is evidence to show that when ruptured AAAs are
treated with endovascular stent-grafts, a higher proportion
of aneurysms regress in diameter and at a higher rate than
asymptomatic AAAs, as demonstrated in a previous study
from our unit and elsewhere.26,27 The reason for this was
speculated to be that the sudden expansion of the unstable
aneurysm sac might have caused the rupture, which will
shrink rapidly back to its original size when decompressed
by the stent-graft. The greater rate of aneurysm neck dila-
tation of ruptured aneurysms may therefore simply reflect a
global phenomenon: aneurysms that rupture have unstable
and weaker aortic walls. This proposition is supported by
several studies that have shown that neck dilatation might
only occur in a subset of patients following stent-graft-
ing.1,26 This is not found to be related to the type of graft
used and may be a feature of those patients who have
aneurysms that will otherwise have expanded quicker and
rupture.28
CONCLUSIONS
Although the small number of patients in the emer-
gency group limits our findings, we have nevertheless
shown morphologic differences between these patients and
those undergoing elective EVAR. Regardless of the etiol-
ogy, these findings have important implications for the
planning and success of EVAR in emergency patients. The
rate of growth is greater after emergency endovascular
repair for ruptured AAA, but the incidence of complication
is similar to elective EVAR. Because exaggerated dilatation
may be a risk with greater oversizing, we recommend that
the percentage of oversizing should not be any different
thanthat forelectiverepair.However,more intensive follow-
up is important to identify those whose neck may dilate at a
greater rate.
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